A BST RA CT The effects of nerve stimulation and of intraarterial injections of norepinephrine o01 arterial and venious resistances were studied in the l)erfused forelimb of dog before and after adininistration of the alpha adrenergic receptor l)Iocker l)helloxybellzamline.
INTRODUCTION
It was shown in the preceding experiment (1) that blockade of alpha adrenergic receptors antagoniizes venous responses to norepinephrine more effectively than arterial responses in man. Thle venous responses that were measured, however, were changes in venous compliance. Information on changes in venous resistance is important since venous resistance is one of the determinants of capillary hydrostatic pressure (2) . Several experimental observations suggest that changes in both venous compliance and venous resistance may be similar in response to a variety of stimuli (3) (4) (5) (6) (7) .
It has been suggested also that alplha adrenergic receptor blockers may be more adrenolytic than sympatlholytic or in other words they antagonize thle constrictor effect of circulating amines more completely than the constrictor action of nerve stimulation. Convincing evidence of this selective antagonism has been lacking (8, 9).
The present experiments were carried out on the perfused foreleg of the dog to determine changes 1(0 The Journal of Clinical Investigation Volume 47 1968 in both venous and arterial resistances in response to norepinephrine and to nerve stimulation before and after alpha adrenergic receptor blockade.
METHODS
Male mongrel dogs weighing 14-20 kg were anesthetized with chloralose, 50 mg/kg, and urethane, 500 mg/kg. Decamethonium bromide, 0.3 mg/kg, was given intravenously to prevent contraction of skeletal muscle. The dogs were ventilated artificially through a cuffed endotracheal tube connected to a respiratory pump. A small polyethylene cannula (PE 10, 0.6 mm O.D.) filled with normal saline was manipulated through a superficial dorsal metacarpal vein upstream for a distance of 2-3 cm in the paw and tied in place. Blood could be aspirated and saline infused freely through the cannula indicating adequate collateral connections (10) . After intravenous injection of heparin, 5 mg/kg, the brachial artery was ligated, transected partially, and its distal segment was perfused with blood from the femoral artery by means of a pump (Sigmamotor, Inc., Middleport, N. Y.). Ligatures were tied around muscle groups high in the leg to prevent collateral circulation. The pump was adjusted initially so that perfusion of the foreleg was at a pressure approximately equal to systemic arterial pressure. min and the responsiveness of the preparation was maintained for an a(l(litional 90 min to 2 hr. Since blood flow to the foreleg was constant and svstemic venous pressure also was constant during the interventions, the changes in perfusion pressure in the brachial artery reflected changes in total vascular resistance of the forelimb. Changes in small vein pressure in the paw reflected changes in resistance of the venous segments draining the paw downstream fronm the point of pressure measurenment. These venous segments form the tributaries of the cephalic vein (12) . Small veins in the paw were selected for study in preference to other muscular veins in the foreleg because previous observations indicated to us that the veins (lraining the paw wvere more reactive to adrenergic stimuli (13) . Changes in perfusion pressure and in small vein pressure caused by the interventions were conmpare(l before and after phenoxybenzaminie.
Co,,stancy of blood flow through thlu paw. The accuracy with which small vein pressure in the paw reflects venous resistance depends on the constancy of blood flow through the paw. Redistribution of flow between the paw and more proximal muscular parts of the foreleg is possible despite a constant total blood flow to the forelimb.
In these parallel-couple(d vascular beds )lood( could be diverted from a site of marked vasoconstriction to a less constricted bed. Blood flow through the paw was cstimated by measurement of venous return from the paw. Anatomically the cephalic vein drains the paw while the brachial vein drains the muscular parts an(l deeper structures of the foreleg (12) . The cubital vein which joins the brachial and cephalic veins was ligated. A ShipleyWilson rotameter (Clifford Wilson Instrumients, Indianapolis, Ind.) was interposed between the proximal and distal segments of the transected cephalic vein high in the foreleg; it caused little resistance to flow and increased small vein pressure only slightly (11, 13) . Zero flow base line was established frequently throughout each experiment by shunting blood flow past the rotameter. At the end of each experiment, blood was allowed to flow through the rotameter into a graduated cylinder for calibration. Calibrations were made at two levels of flow. The responses of the rotameters were linear within the range of flows encountered. In previous experiments (11, 13) both nerve stimulation and administration of norepinephrine reduced venous return through the cephalic vein and augmented venous return through the brachial vein at constant brachial arterial inflow. This was caused by a greater constriction of resistance vessels in the paw than in more proximal parallel-coupled segments in response to the adrenergic stimuli. In the present experiments we needed to determine the effect of phenoxybenza-
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mine on this redistribution of flow in order to interpret changes in small vein pressure in the paw correctly.
Autobioassay of norepinephrine in venous effluent.
The concentrations of norepinephrine to which the veins draining the paw are exposed after intraarterial inj ections of norepinephrine into the brachial artery determine the venous response in the paw. These concentrations could change either with changes in blood flow through the paw or with changes in the amount of norepinephrine taken up by the tissues on the arterial side in the paw. After phenoxybenzamine, the decrease in blood flow through the paw in response to intraarterial norepinephrine could be less pronounced causing a relatively higher flow and therefore a lower concentration of norepinephrine to reach the venous segment after the blocker. On the other hand the uptake of norepinephrine on the arterial side would be blocked in part after phenoxybenzamine allowing more norepinephrine to reach the veins. The opposite effects of these two factors might cancel each other and the concentration of norepinephrine reaching the veins would be the same before and after the blocker. In order to interpret correctly differences in venous responses it seemed important to estimate the concentration of the catecholamine in the venous effluent. This was done by perfusing a portion of the cephalic vein effluent into the hind paw of the same dog at a constant rate of flow with a small Sigmamotor pump. The hind paw thus served as an autobioassay organ. Changes in perfusion pressure in the hind paw reflected changes in concentration of vasoactive substances in the venous return from the forepaw. A cannula was used to divert the venous return from the ligated and transected cephalic vein into the jugular vein. The proximal tubing of the small Sigmamotor pump was connected to this cannula close to its exit from the cephalic vein. The distal tubing of the pump was inserted into the anterior tibial artery supplying the hind paw and ligated. Thus a portion of the cephalic venous return averaging 13.0 ml/min (range 9-16 ml/min in 14 experin:ents) was perfused into the hind paw which was denervated by section of the sciatic and anterior tibial nerves. Collateral circulation to the hind paw was minimized by ligating the femoral artery. The interventions had no detectable systemic effect that could influence significantly the responses in the hind paw.
The transit time from the cephalic vein to the hind paw was approximately 20 sec. Responses of the hind paw to direct intraarterial injections of norepinephrine into the perfused tibial artery provided the standard doseresponse curves which permitted us to estimate the concentration of norepinephrine in the venous effluent. Perfusion of the hind paw was arrested temporarily for a period of 30 sec when phenoxybenzamine was injected into the brachial artery to prevent the blocker from reaching the hind paw in possibly a significant concentration after its initial circulation through the forelimb. Dose-response curves of the perfused hind paw to norepinephrine were obtained after each dose of phenoxybenzamine and the responses were found to decrease only slightly. RESULTS Perfusion pressure. At constant arterial inflow perfusion pressure reflects total vascular resistance of the foreleg and represents predominantly arterial resistance. The increases in perfusion pressure which were observed after the administration of norepinephrine and during nerve stimulation were reduced slightly after 0.25 mg of phenoxybenzamine (Tables I and II and Fig. 1) . A significant rise in perfusion pressure in response to both norepinephrine and nerve stimulation still persisted after the second dose (0.5 mg) of the blocker ( Figs. 1 and 2 ). There was no consistent reduction of the response to angiotensin (Table III Fig. 2 ) is caused by a poststiniulation increase in blood flow through the paw and through the cephalic vein as a result of dilatation of small vessels in the paw. The dilatation is reflected also by the fall in perfusion pressure below control levels and has.been reported previously (18) . The entries for venous pressure in Table II (Table IV) C refers to blood flow immediately before the intervention. LD an(l HD refer to low dose (0.5 jg) and high dose (1.0 jug) of norepinephrine respectively. LF and HF refer to nerve stimulation at low frequency (1.5-6 cps) and high frequency (3-12 cps) respectively. Exl)eriments were paired so that the same frequencies of stimulation were used before and after the blocker in each experiment. the cephalic vein following intrabrachial injections of norepinephrine as estimated from responses observed in the hind paw was not altered significantly by the administration of phenoxybenzamine (Table  V) (16, 17) whereas norepinephrine constricts smaller metacarpal and muscular arteries and veins (16) . The reduction of responses to both nerve stimulation and to norepinephrine seen after the blocker would suggest that alpha adrenergic receptors in both large and small vessels are accessible to the antagonist.
The vasodilator response which is seen after the end of nerve stimulation both before and after phenoxybenzamine in Figs. 1 The findings ill this and in the p)recediing stidy (1) in manl are relevant only to the (loses of liorepinephlrine that were used. These doses gave venous and arterial responses which al)lreared to be in the tipper part of the respective (lose-response curves. In both the hliuman an(l aniial experiments the slope of the dose response curve of veins appeared steeper than that of arteries. The steeper slope onl the venouis si(le could exl)laim the greater reduction in venous response to the sanie (lose of norepinephrine.
